Past researchers have often considered neighbors to be beneficial to territorial residents, particularly compared with non-neighbor conspecific competitors. However, neighbors have the potential to be costly to residents in terms of both defensive costs and lost resources. In this study, we assessed the relative costs of defending a mating territory against neighbors and non-neighbors for the dragonfly Perithemis tenera, comparing across males with different numbers of contiguous neighbors; we also examined the possibility that the presence of contiguous neighbors might reduce the detection of potential mates. When neighbors were present, residents experienced a greater total number of intrusions by males; this increase in intrusions was due to higher numbers of intrusions by neighbors, as the number of intrusions by non-neighbor males did not differ. Residents with immediately adjacent neighbors also made more sorties toward neighbors than did residents whose nearest neighborsÕ territories were not immediately adjacent. Interestingly, although the number of visits by females did not vary with the presence of neighbors, residents with neighbors made fewer sorties toward females than did residents without neighbors. Our results suggest that defensive costs increased when neighbors were present, that residents with neighbors may have missed opportunities to acquire mates, and thus that living with neighbors can be costly in this species.
Introduction
A territorial resident must defend its area against neighbors and against nonneighboring conspecifics that intrude upon its territory, and accordingly both neighbors and non-neighbors can be costly to residents. Nonetheless, many studies of territoriality have either suggested or been based on the premise that neighbors are beneficial for residents, particularly when compared with Ethology 110, 37-47 (2004 ) Ó 2004 Blackwell Verlag, Berlin ISSN 0179-1613 non-neighbors, and, indeed, neighbors may be relatively beneficial in some circumstances. For example, defensive costs might be lower for residents with neighbors if neighbors either cooperate in evicting intruders (Getty 1987; Elfstro¨m 1997) or alert a territory owner to the presence of an intruder in the area (Eason & Stamps 1993) . Neighbors may also give rise to fewer fights that are highly costly than do non-neighbors. In general, escalated and thus energetically costly fights are fights in which ownership of a territory is being disputed (Waage 1988; Marden & Waage 1990; Marden & Rollins 1994) . Because neighbors already have territories, they should generally be less likely to attempt to take over a resident's territory than non-neighbors will be (Waage 1988) , and accordingly the overall costs of fighting with neighbors could be reduced relative to the costs of fighting with non-neighbors.
Despite these potential benefits, however, neighbors also have the potential to be quite costly to territorial residents. Here we focus on two possible costs of having neighbors. First, we investigate whether the presence of neighbors results in increased defensive costs for territorial residents. Neighbors might be expected to cause an increase in defensive costs for territorial residents for a variety of reasons. For example, much of the research demonstrating that neighbors reduce defensive costs has been performed on vertebrates that can recognize individuals and thus can potentially moderate their responses to neighbors. In contrast, in many invertebrates that rely primarily on visual cues for rapid detection and assessment of conspecifics, residents may not be able to recognize individuals, due in part to the lack of acuity in their vision. If residents cannot recognize their neighbors, residents may respond similarly to neighbors and non-neighbors when they intrude, and accordingly the costs of evicting intruding neighbors may generally be similar to the costs of evicting intruding non-neighbors (Waage 1988 ). Furthermore, it is possible that intrusions by neighbors may be more common than intrusions by nonneighbors, in part because of the proximity of neighbors. If intrusions by neighbors are comparatively frequent, neighbors will be costly in terms of defensive costs (Butler & Janes-Butler 1982) .
Secondly, we assess whether neighbors may be costly to residents because they cause the residents to miss opportunities. In general, if a neighbor is active in intruding onto an adjacent territory, he may keep that resident occupied; this resident will lose not only the energy required to chase-off the neighbor but also the time spent chasing him, which is the time that cannot be used for other purposes, such as foraging, looking for mates, or watching for and chasing out other intruders. In addition, if neighbors force residents to be more active, these residents might also experience higher rates of predation, either because they are less likely to detect approaching predators when engaged in territorial defence or because predators are more likely to detect individuals that are more active (Jakobsson et al. 1995; Martel 1996; Brick 1998 ).
Here we test the hypothesis that males with contiguous neighbors experience more intrusions by other males; we also examine the possibility that the presence of neighbors may reduce the detection of mates. Our study species is a territorial dragonfly, Perithemis tenera. In this species, males defend mating territories that contain oviposition sites (Jacobs 1955; Switzer 1997a,b) . Resident males make flights (sorties) from perches toward conspecific male intruders and toward females (Switzer & Eason 2000; Schultz & Switzer 2001; Switzer & Eason in press) ; the residents then attempt to drive away males and to bring visiting females to their oviposition sites for mating. Escalated contests for a particular territory in this species occur between residents and non-territorial males and not between a resident and a neighbor (Switzer unpubl. data) . At our study site, males had zero, one, or two neighbors, i.e. residents on adjoining territories.
We used intrusions by males and the sorties residents made at intruders as indicators of residentsÕ relative defensive costs, and we used visits by females and sorties toward females as indicators of the potential benefits of a territory. To examine the effects of neighbors on these costs, we first compared the numbers of intrusions by males onto the territories of residents with different numbers of contiguous neighbors. We next compared the numbers of sorties that resident males made toward neighbors and toward non-neighbor males. In addition, to determine whether neighbors might affect the benefits that residents derived from territorial defence, we examined the numbers of intrusions by females and the numbers of flights by residents toward females.
Methods
We observed territorial male amberwings in July, 1999 at a small pond (approximately 175 m in circumference) on a farm in east-central Illinois. The grassy shore along the pond was mowed to 25-40 cm in height, and the pond had no emergent vegetation. Thus, the views from the shoreline were unobstructed, making visibility consistent among territories, and the background against which residents viewed conspecifics was similar for all residents. We placed surveyor flags around the bank at 1-m intervals so that locations of individuals and events could be recorded.
Territorial male amberwings typically defend an area that includes an oviposition site, such as a clump of algae or a stick either emerging from the water, or floating in it (Jacobs 1955; Switzer 1997a,b) . Although more than one apparently acceptable oviposition site may exist within a territory, the resident only brings females to one site. For perches, residents prefer objects that emerge from the water. Accordingly, to provide suitable perches for resident males, we sank dowels into the bottom of the pond so that they extended 15-30 cm above the water surface, which is within the range of perch heights preferred by amberwings (Switzer & Walters 1999; Switzer & Eason 2000) . All dowels protruded an equal distance above the water; this distance varied with the level of the water in the pond. The dowels measured 5 mm in diameter and were placed 1.0 m apart and 0.75 m from the shoreline. This perch placement made multiple perches available within a resident's territory and facilitated accurate recording of distances during focal observations (Switzer & Eason 2000; Schultz & Switzer 2001) .
In order to mark individual males, we captured amberwings at the pond using standard insect nets. We used a permanent pen to write a unique combination of a letter and a number on each male's right forewing (Switzer 1997a,b; Switzer & Eason 2000) . Such marks are readily visible to human observers and allowed us to identify individuals without recapture. After marking a male, we released him at the site at which he was captured. This marking does not appear to disturb the dragonflies; male amberwings generally return to defending their territories within 0.5 h after marking (Switzer pers. obs.) .
To gather information on the effects of neighbors on residentsÕ defensive costs and on the frequency of visits by females, we performed focal samples of 15-min duration on 48 different territorial males. Because amberwing behavior may be sensitive to weather conditions (Jacobs 1955; Switzer 2002a,b) , we recorded ambient temperature and the percentage of cloud cover hourly on days on which we were collecting behavioral data. In order to eliminate periods during which amberwing activity levels were reduced, we did not take behavioral data on cloudy days when the temperature was below 25°C (Jacobs 1955) .
For each focal male, we recorded the location of his oviposition site and then used that location to estimate the boundaries of his territory. Unlike some territorial systems (e.g. Eason et al. 1999 ), but similar to many others (e.g. Wolf & Waltz 1984; Koenig & Albano 1985) , amberwing territories lack well-defined boundaries (Switzer & Eason 2000) . Therefore, to be consistent, we defined the boundary for each territory as occurring at a 2.5 m distance from a resident's oviposition site; thus individuals coming within this area were considered intruders or visitors. We chose 2.5 m because (1) males typically perch adjacent to their oviposition sites (Switzer & Walters 1999) ; and (2) resident males most commonly respond to conspecifics after its approach within this distance (Switzer & Eason 2000) . As males were perched near shore and intrusions by conspecifics almost always come from over the pond rather than from over land (Switzer & Eason 2000) , this 2.5 m distance essentially created a half-circle territorial boundary, with the shoreline comprising the flat edge.
For each focal male, we also recorded the number of neighbors defending adjoining territories. We considered a territory to adjoin the focal territory if the oviposition sites of the two territories were <5.0 m away from one another. Each male could have zero, one, or two immediately adjacent neighbors; having more than two adjoining neighbors was not possible at this study site because the shoreline of the pond was approximately straight and because oviposition sites were found only along the shoreline (Switzer & Eason 2000) . Each focal male was observed only once and thus occurs in only one category of number of neighbors. In order to be able to assess effects of male density on the territorial malesÕ behavior, we conducted an hourly census during which we recorded the total number of males on the pond. We used the number of males on the pond from the census closest in time to the focal sample on a resident to estimate male density during the focal sample.
During focal samples, three observers stood on shore behind a male's territory and recorded data. Two of these observers recorded entries by conspecifics onto the focal male's territory, with one observer recording conspecifics entering the right side of the territory, and the other recording conspecifics entering the left side of the territory. These observers noted whether the conspecific was a female, a nonneighbor male, or a neighbor from the left or right side of the territory. Males that were defending territories next to that of the focal male were considered neighbors whether or not their territories were immediately adjoining; thus, a neighbor could be either a male defending an adjoining territory or a male defending a territory that did not adjoin the focal territory but that was the nearest territory to the focal territory on one side or the other. The third observer recorded the behavior of the focal male, noting all flights he made from a perch and identifying the targets of those sorties. Possible identifiable targets included neighbors, non-neighbor males, females, and heterospecific insects; if the observer did not see what the resident was pursuing, the target was recorded as unknown. Sorties at heterospecifics and unknown objects are excluded from further consideration in this study.
In order to determine whether the number of contiguous neighbors affected the number of intrusions onto a male's territory by neighbors, non-neighbor males, and females, we first performed a log-transformation of our data to normalize them [transformed value ¼ log (value + 1)]. We then ran a split-plot anova on the transformed data. We performed the same kind of analysis to examine whether the number of contiguous neighbors affected the numbers of sorties focal males made at neighbors, non-neighbor males, and females. In both analyses, the distribution of the data approximated a normal distribution after transformation, though not before. To assess whether density effects might be responsible for changes in the patterns of intrusions and sorties with different numbers of neighbors, we performed an anova on the number of males at the pond and the number of neighbors for all focal samples.
Results
In general, the number of contiguous neighbors strongly affected both the numbers of conspecifics that entered a territory and the targets of the sorties made by the focal resident. These effects did not appear to result from changes in the number of males present at the pond, as the total number of males present did not differ significantly among focal residents with zero, one, or two contiguous neighbors (anova: F 2,45 ¼ 0.67, p ¼ 0.51).
Intrusions
We first examined whether the number of adjoining neighbors affected the total number of intrusions by males on a territory. For this question, we combined intrusions by neighbors and non-neighbor males; we did not include females because we wanted to focus on intrusions that generally would not be beneficial to the resident. Overall, the number of contiguous neighbors had a significant effect on the total number of intrusions by males ( Fig. 1 ; anova: F 2,45 ¼ 11.87, p < 0.0001). Residents with zero neighbors had significantly fewer intrusions by males than did residents with one or two neighbors [StudentNewman-Keuls (SNK): p < 0.05], but the number of intrusions did not differ between residents with one contiguous neighbor and residents with two contiguous neighbors.
Secondly, we examined whether the number of contiguous neighbors affected the numbers of intrusions by different categories of conspecifics (females, neighbors, and non-neighbor males). In general, intrusions by females were relatively rare compared with intrusions by neighbor and non-neighbor males (see Fig. 1 ), and accordingly the number of intrusions differed significantly among these three categories of intruder (split-plot anova: F 2,44 ¼ 49.76, p < 0.0001). In addition, there was a significant interaction between the number of contiguous neighbors and the number of intrusions by the different categories of conspecifics (F 4,88 ¼ 7.79, p < 0.0001).
We performed a follow-up profile analysis to determine more exactly what patterns were causing this significant interaction. This analysis performs pairwise comparisons between categories; we chose to compare intrusions by both nonneighbors and females with intrusions by neighbors in order to focus on the effects of neighbors. The profile analysis indicated that residents with different numbers of contiguous neighbors had significant differences between the numbers of intrusions made by neighbors and by non-neighbor males (F 2,45 ¼ 13.9, p < 0.0001) and between the numbers of intrusions made by neighbors and by females (F 2,45 ¼ 18.4, p < 0.0001). These differences probably resulted from changes in the number of intrusions by neighbors among residents, as neither intrusions by non-neighbor males nor intrusions by females differed with the number of contiguous neighbors (SNK test; p > 0.05). In contrast, the number of intrusions by neighbors was significantly lower for residents with zero contiguous neighbors than for residents with either one or two contiguous neighbors (SNK test; p < 0.05); residents with one contiguous neighbor did not differ from residents with two contiguous neighbors in how many intrusions by neighbors occurred on their territories (SNK test; p > 0.05).
Number of neighbors

Sorties
Our analyses of the sorties made toward conspecifics by resident males demonstrated that sorties showed a pattern similar though not identical to that of intrusions. We first examined changes in the numbers of sorties toward conspecifics among residents with different numbers of contiguous neighbors. Sorties at females were typically rare compared with sorties at males (see Fig. 2 ), which was expected as visits by females had also been relatively rare. Sorties against conspecifics thus differed significantly with the category of conspecific (split-plot anova: F 2,44 ¼ 107.5, p < 0.0001), and there was a significant interaction effect, indicating that the number of neighbors affected sorties against the three categories of conspecifics differently (F 4,88 ¼ 6.90, p < 0.0001).
Pairwise comparisons were performed with profile analysis showed that the numbers of sorties at non-neighbors vs. at neighbors varied significantly among residents with different numbers of contiguous neighbors (F 2,45 ¼ 12.14, p < 0.0001). In addition, there were significant differences between the numbers of sorties at neighbors and at females (F 2,45 ¼ 15.38, p < 0.0001). The number of sorties that residents made at non-neighbors was relatively constant across residents with different numbers of neighbors (SNK test; p > 0.05). However, residents made significantly fewer sorties against neighbors when there were no contiguous neighbors than when there were either one or two contiguous neighbors. As was the case for intrusions, residents with one contiguous neighbor and residents with two contiguous neighbors did not differ significantly in the number of sorties they made toward neighbors (SNK test; p > 0.05). In contrast to the pattern that occurred in intrusions, sorties toward females did vary with the number of neighbors. Specifically, focal residents with no contiguous neighbors pursued more females than did residents with two contiguous neighbors (SNK test; p < 0.05). Other comparisons across resident groups revealed no significant differences in the numbers of sorties at females: residents with one contiguous neighbor did not differ from residents with two contiguous neighbors, nor did residents with zero contiguous neighbors differ from residents with one contiguous neighbor (SNK test; p > 0.05).
Discussion
Having contiguous neighbors appeared to be costly to residents in several ways. First, the presence of neighbors caused changes in intrusions and resident behavior that would tend to increase defensive costs. Residents with one or two neighbors had significantly more intrusions by males than did residents with no neighbors. This difference resulted from an increase in the number of intrusions by neighbors when either one or two contiguous neighbors were present; the number of intrusions by non-neighbor males was not affected by having contiguous neighbors. Thus, the presence of adjoining neighbors directly increased intrusions by neighbors onto residentsÕ territories. The presence of neighbors also affected sorties, with sorties against neighbors less frequent among residents without contiguous neighbors. As was the case for intrusions, this difference was not additive, as residents with one contiguous neighbor did not differ from residents with two contiguous neighbors.
Having contiguous neighbors also appeared to result in reduced opportunities for mating for resident males, at least over the short term. The number of sorties that residents made toward females declined as the number of contiguous neighbors increased: residents without neighbors made the most sorties toward female visitors and residents with two contiguous neighbors made the fewest. This difference did not result from variation in the number of female visitors, which did not vary with the number of contiguous neighbors. This difference thus suggests that there is an opportunity-cost associated with having neighbors. Because of the higher number of intrusions by neighbors experienced by residents with contiguous neighbors, these residents appeared to be less responsive to their female visitors. This could be the case either because the residents were actively chasing intruding neighbors when females visited or because residentsÕ responsiveness to intruding conspecifics declines as the number of intruders increases. Such a decline in aggression with increased encounters with conspecifics has been observed in other species (e.g. see Stamps & Krishnan 1997) . Alternatively, residents with neighbors might use up so much energy chasing those neighbors that they are forced to rest occasionally by perching, which again could result in fewer sorties toward females. The results of this study suggest that at least for some species, living with neighbors can be costly. There are at least two factors that may help to determine the expense of having contiguous neighbors. First, neighbors may tend to be more costly in species that do not establish fixed territorial boundaries. The absence of fixed boundaries may make it more likely that a neighbor will intrude on a territory, either intentionally or accidentally. In addition, without boundaries, a resident may find it difficult to determine an exact definition for an intrusion, i.e. he may not know where the boundaries are either. If a resident has neighbors, then, either confusion or lack of information about boundary locations could lead to more chases between neighbors. This could lead to residents chasing more conspecifics, and as neighbors are more likely to be nearby, the proportion of intrusions by neighbors might go up, as it did in our study. Secondly, neighbors may have a higher probability of being costly in species that do not recognize individuals. When a territorial resident does not distinguish between neighbor and non-neighbor, his initial response to an intrusion by either type of male will be the same and thus equally costly. The proportion of evictions that evolve into escalated battles over territorial ownership is likely to play a large role in determining overall defensive costs; however, outside defending against take-over attempts, a resident's costs are likely to depend on the number of intrusions by all males. If having neighbors causes higher intrusions in other species, as it did in amberwings, neighbors may generally increase defensive costs for territorial species in many taxa, probably including many if not most of the territorial invertebrates.
In amberwings, one of the greatest costs of having contiguous neighbors may be the negative effect that neighbors have on the sorties that residents make toward visiting females. If this effect is general for species defending mating territories, then living in clustered territories may be costly for residents in terms of their reproductive fitness. This cost has a parallel in many vertebrate species in which residents commonly intrude and copulate with neighborsÕ mates, though typically in these cases residents are not missing opportunities to acquire mates but rather are experiencing reduced reproductive success with the mates they already have (e.g. Stutchbury et al. 1994; Dickinson 2001) .
Previous work has demonstrated various benefits of defending territories adjacent to those of conspecifics, including the possibility that more females may be attracted to mating territories in groups, that defensive costs may be reduced, and that neighbors might aid in detecting intruders. None of these advantages appeared to hold in our species: female visits did not differ among residents with different numbers of neighbors, residents with neighbors actually had more intrusions and made more defensive sorties, and the number of non-neighbor male intruders did not differ between males with and without neighbors. Future research will address whether male amberwings prefer to defend territories immediately adjacent to conspecifics as has been observed in other species; given the findings here, such a preference would be surprising.
